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1
CLOCK GENERATION CIRCUIT AND
CLOCK GENERATION SYSTEM USING THE
SAME

CROSS-REFERENCES TO RELATED
APPLICATION

The present application claims priority under 35 U.S.C.
§119(a) to Korean application number 10-2012-0151739,
filed on Dec. 24, 2012, in the Korean Intellectual Property
Office, which is incorporated herein by reference in its
entirety.

BACKGROUND

1. Technical Field

Various embodiments relate to a semiconductor integrated
circuit, and more particularly, to a clock generation circuit.

2. Related Art

A semiconductor integrated circuit is designed to operate
in synchronization with a clock which is inputted from an
outside. Research has been continuously conducted to
improve the operation speed of a semiconductor integrated
circuit, and currently, a semiconductor integrated circuit is
designed to operate by receiving a clock with a high fre-
quency.

However, test equipment for testing a semiconductor inte-
grated circuit operates using a clock with a frequency lower
than the semiconductor integrated circuit.

Therefore, a semiconductor integrated circuit is designed
such that, in a test, the semiconductor integrated circuit
receives a clock with a low frequency, generates a clock with
a high frequency and uses the generated clock in an operation
of the semiconductor integrated circuit.

Referring to FIG. 1, a conventional clock generation circuit
includes a first frequency division unit 10, a frequency com-
parison unit 20, a charge pump 30, a voltage control oscillator
40, and a second frequency division unit 50.

The first frequency division unit 10 divides an input clock
CLK_in and generates a reference clock CLK_ref.

The frequency comparison unit 20 compares the frequen-
cies of the reference clock CLK_ref and a feedback clock
CLK_fb, and generates a frequency comparison signal
Fre_com.

The charge pump 30 generates a charge pumping voltage
V_cp in response to the frequency comparison signal
Fre_com.

The voltage control oscillator 40 generates an output clock
CLK_out inresponse to the voltage level of the charge pump-
ing voltage V_cp.

The second frequency division unit 50 divides the output
clock CLK_out and generates the feedback clock CLK_fb.

The conventional clock generation circuit configured in
this way determines the frequency of the output clock
CLK_out according to the division ratios of the first fre-
quency division unit 10 and the second frequency division
unit 50 (the division ratio of the second frequency division
unit 50/the division ratio of the first frequency division unit
10). For example, when assuming that the first frequency
division unit 10 generates the reference clock CLK_ref by
dividing by 5 the frequency ofthe input clock CLK _inand the
second frequency division unit 50 generates the feedback
clock CLK_1b by dividing by 10 the frequency of the output
clock CLK_out, the frequency of the output clock CLK_out
becomes two times the frequency of the input clock CLK _in.

However, in the conventional clock generation circuit, the
voltage level of the charge pumping voltage V_cp is raised
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2

and lowered in response to information on a frequency dif-
ference between the input clock CLK _in and the output clock
CLK _out. In addition, the frequency of the output clock
CLK_out is determined according to the voltage level of the
charge pumping voltage V_cp. That is to say, in the conven-
tional clock generation circuit, since the frequency difference
is converted into the type of an analog voltage and the fre-
quency of the output clock CLK _out is determined according
to the level of the analog voltage, if the voltage level of the
charge pumping voltage V_cp changes according to a voltage
level variation of a driving voltage used in the conventional
clock generation circuit, the frequency of the output clock
CLK_out is likely to be influenced.

SUMMARY

In one embodiment of the present invention, a clock gen-
eration circuit may include: a counting code generation unit
configured to generate counting codes corresponding to a
frequency of an input clock when an enable signal is enabled;
acontrol code generation unit configured to decode the count-
ing codes and generate control codes; and a cycle changeable
oscillation unit configured to determine a frequency of an
output clock in response to the control codes.

In another embodiment of the present invention, a clock
generation circuit may include: a counting code generation
unit configured to generate first codes and second codes in
response to an oscillator signal and an input clock when an
enable signal is enabled, and output the second codes as
counting codes; a control code generation unit configured to
decode the counting codes and generate control codes; and a
cycle changeable oscillation unit configured to determine a
delay time in response to the control codes, and generate an
output clock which has a cycle corresponding to the deter-
mined delay time.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects, and embodiments are described in con-
junction with the attached drawings, in which:

FIG. 1 is a configuration diagram of a conventional clock
generation circuit;

FIG. 2 is a configuration diagram of a clock generation
circuit in accordance with an embodiment of the present
invention;

FIG. 3 is a configuration diagram of the counting code
generation unit of FIG. 2; and

FIG. 4 is a configuration diagram of the cycle changeable
oscillation unit of FIG. 2.

DETAILED DESCRIPTION

Hereinafter, a clock generation circuit according to the
present invention will be described below with reference to
the accompanying drawings through exemplary embodi-
ments.

Referring to FIG. 2, a clock generation circuit in accor-
dance with an embodiment of the present invention may
include a counting code generation unit 100, a control code
generation unit 200, and a cycle changeable oscillation unit
300.

The counting code generation unit 100 may be configured
to generate counting codes Count_code<0:n> corresponding
to the frequency of an input clock CLK_in when an enable
signal EN_signal is enabled.

The control code generation unit 200 may be configured to
is decode the counting codes Count_code<0:n> and generate
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control codes CTRIL,_code<0:m>. For example, the control
code generation unit 200 may decode the counting codes
Count_code<0:n>and enables one bit signal CTRL _code<i>
among a plurality of bit signals CTRL_code<0>, CTRL_
code<1>,...and CTRI,_code<m>which may be included in
the control codes CTRL_code<0O:m>.

The cycle changeable oscillation unit 300 may be config-
ured to determine the frequency of an output clock CLK_out
in response to the control codes CTRL_code<0:m>.

Referring to FIG. 3, the counting code generation unit 100
may include an oscillator enable signal generating section
110, an oscillator 120, a code generating section 130, and a
reset pulse generating section 140.

The oscillator enable signal generating section 110 may be
configured to generate an oscillator enable signal OSC_en
which has an enable period corresponding to the frequency of
the input clock CLK _in, when the enable signal EN_signal is
enabled.

The oscillator enable signal generating section 110 may
include a first counting part 111, a decoding part 112, and a
signal generation part 113.

The first counting part 111 may be configured to generate
first codes c_codel<0:j> in response to the input clock
CLK_in when the enable signal EN_signal is enabled. For
example, the first counting part 111 may increase the code
value of the first codes c_codel<0:j> each time the input
clock CLK _in transitions to a specified level (for example, a
high level) when the enable signal EN_signal is enabled.
Also, the first counting part 111 may initialize the counted
first codes c_codel<0:j>when the enable signal EN_signal is
disabled.

The decoding part 112 may be configured to decode the
first codes c_codel<0:j> and generate a decoding signal dec.
For example, the decoding part 112 may enable the decoding
signal dec when the code value of the first codes c_codel<0:
j> 1s equal to or larger than a preset code value.

The signal generation part 113 may be configured to enable
the oscillator enable signal OSC_en when the enable signal
EN_signal is enabled and disable the oscillator enable signal
OSC_en when the decoding signal dec is enabled.

Therefore, the oscillator enable signal generating section
110 may generate the oscillator enable signal OSC_en of
which enable period is shorter when the frequency of the
input clock CLK_in is high than when the frequency of the
input clock CLK in is low.

The oscillator 120 may be configured to generate an oscil-
lator signal OSC in response to the enable signal EN_signal
and the oscillator enable signal OSC_en. For example, the
oscillator 120 may generate the oscillator signal OSC when
both the enable signal EN_signal and the oscillator enable
signal OSC_en are enabled.

The code generating section 130 may be configured to
count the oscillator signal OSC and generate the counting
codes Count_code<O:n>.

The code generating section 130 may include a second
counting part 131 and a latch part 132.

The second counting part 131 may be configured to gen-
erate second codes ¢_code2<0:n>in response to the oscillator
signal OSC. For example, the second counting part 131 may
increase the code value of the second codes ¢_code2<0:n>
each time the oscillator signal OSC transitions to a specified
level (for example, a high level). Also, the second counting
part 131 may initialize the counted second codes ¢_code2<0:
n>when a reset pulse Reset_p is inputted.

The latch part 132 may be configured to receive and latch
the second codes ¢_code2<0:n> when the oscillator enable
signal OSC_en is enabled and output the second codes
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c_code2<0:n> as the counting codes Count_code<0:n>when
the oscillator enable signal OSC_en is disabled.

The reset pulse generating section 140 may be configured
to generate the reset pulse Reset_p when the osillator enable
signal OSC_en is disabled.

Referring to FIG. 4, the cycle changeable oscillation unit
300 may include an inverting control section 310 and a vari-
able delaysection 320.

The inverting control section 310 may be configured to
invert the output clock CLK_out when the eable signal
EN_signal is enabled and output an inverted clock CLK _inv.

The inverting control section 310 may include a NAND
gate ND11. The NAND gate ND11 may receive the enable
signal EN_signal and the output clock CLK_out, and output
the inverted clock CLK_inv.

The variable delay section 320 may be configured to deter-
mine a delay time in response to the control codes
CTRL_code<0:m>, delay the inverted clock CLK _inv by the
predetermined delay time, and output the output clock
CLK_out.

The variable delay section 320 may include a delay part
321 and an input selection part 322.

The delay part 321 may include a plurality of unit delay
stages 321_1, 321_2, . . . and 321 _m which are coupled in
series.

The input selection part 322 may be configured to input the
inverted clock CLK_inv to one unit delay stage among the
plurality of unit delay stages 321_1,321_2,...and321_min
response to the control codes CTRL_code<0:m>.

The input selection part 322 may include a plurality of
switches 322_1,322_2,322_3,...and 322 m. The plurality
of'switches 322_1,322_2,322 3,...and 322_ m are respec-
tively coupled to the input terminals of the plurality of unit
delay stages321_1,321_2,...and 321  m. Also, the plurality
of switches 322_1,322_2,322_3,...and 322_ mreceive the
respective bit signals of the control codes CTRL_code<0:m>.
Since the control codes CTRL,_code<0:m> are constituted by
the plurality of bit signals CTRL_code<0>, CTRI_
code<1>,...and CTRL_code<m>among which only one bit
signal CTRL._code<i>is enabled, only one switch among the
plurality of switches 322_1,322_2,322_3,...and 322 m
may be turned on. The switch which is turned on may transfer
the inverted clock CLK_inv to a unit delay stage which is
coupled thereto.

The clock generation circuit in accordance with the
embodiment of the present invention, configured as men-
tioned above, operates as follows.

Referring to FIG. 2, the counting code generation unit 100
may generate the counting codes Count_code<(:n> corre-
sponding to the frequency of the input clock CLK_in when
the enable signal EN_signal is enabled. For example, the
counting code generation unit 100 may decrease the code
value of the counting codes Count_code<0:n> as the fre-
quency of the input clock CLK_in rises when the enable
signal EN_signal is enabled. Conversely, the counting code
generation unit 100 may increase the code value of the count-
ing codes Count_code<0:n> as the frequency of the input
clock CLK _in falls when the enable signal EN_signal is
enabled.

The control code generation unit 200 may decode the
counting codes Count_code<0:n> and generate the control
codes CTRL_code<0:m>. The control codes CTRL._code<0:
m> may include the plurality of bit signals CTRL_code<0>,
CTRL_code<l>, ... and CTRL_code<m>, and the control
code generation unit 200 may enable one bit signal
CTRL_code<i> among the plurality of bit signals CTRL._
code<0>, CTRL_code<l>, . . . and CTRL_code<m> in
response to the counting codes Count_code<0:n>.
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The cycle changeable oscillation unit 300 may determine
the frequency of the output clock CLK_out in response to the
control codes CTRL,_code<0:m>, and output the output clock
CLK_out of which frequency is determined.

Operations of the counting code generation unit 100 will be
described in detail with reference to FIG. 3.

The counting code generation unit 100 may include the
oscillator enable signal generating section 110, the oscillator
120, the code generating section 130, and the reset pulse
generating section 140.

The oscillator enable signal generating section 110 may
enable the oscillator enable signal OSC_en when the enable
signal EN_signal is enabled. The oscillator enable signal
generating section 110 may increase the code value of the first
codes c¢_code1<0:j> each time the input clock CLK _in tran-
sitions to the specified level after the enable signal EN_signal
is enabled. If the code value of the first codes c_codel<0:j>is
equal to or larger than the preset code value, the decoding
signal dec is enabled. If the decoding signal dec is enabled,
the oscillator enable signal OSC_en which is enabled is dis-
abled.

Therefore, the oscillator enable signal generating section
110 may enable earlier the decoding signal dec when the
frequency of the input clock CLK_in is high than when the
frequency of the input clock CLK_in is low, and advance the
disable timing of the oscillator enable signal OSC_en.

As a result, the oscillator enable signal generating section
110 may shorten the enable period of the oscillator enable
signal OSC_en as the frequency of the input clock CLK_in
rises. Conversely, the oscillator enable signal generating sec-
tion 110 may lengthen the enable period of the oscillator
enable signal OSC_en as the frequency of the input clock
CLK_in falls.

The oscillator 120 may generate the oscillator signal OSC
when both the enable signal EN_signal and the oscillator
enable signal OSC_en are enabled.

The code generating section 130 may increase the code
value of the second codes ¢_code2<0:n> each time the oscil-
lator signal OSC transitions to the specified level, and output
the second codes c_code2<0:n> as the counting codes
Count_code<0:n>.

The reset pulse generating section 140 may generate the
reset pulse Reset_p when the oscillator enable signal OSC_en
is disabled, and initialize the code value of the second codes
¢_code2<0:n> which are counted.

As a result, the counting code generation unit 100 may
increase the code value of the second codes ¢_code2<0:n>
from a time when the enable signal EN_signal is enabled, and
output the counted second codes ¢c_code2<0:n> as the count-
ing codes Count_code<0:n> when a preset number of times
of the cycle of the input clock CLK_in lapse. In detail, the
counting code generation unit 100 may increase the code
value of the first codes c_codel<0:j> each time the input
clock CLK _in transitions to the specified level when the
enable signal EN_signal is enabled. In addition, the counting
code generation unit 100 may increase the code value of the
second codes c¢_code2<0:n> each time the oscillator signal
OSC transitions to the specified level when the enable signal
EN_signal is enabled. The second codes ¢_code2<0:n>when
the code value of the first codes ¢c_codel<0:j> is the preset
code value are outputted as the counting codes Count_
code<(:n>.

The counting codes Count_code<0:n> generated in this
way may be decoded in the control code generation unit 200
and generated as the control codes CTRL_code<0:m>.

The cycle changeable oscillation unit 300 may change the
frequency of the output clock CLK_out in response to the
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6

control codes CTRIL_code<0:m>. Operations of the cycle
changeable oscillation unit 300 will be described below.

The control codes CTRL_code<0:m> may be constituted
by the plurality of bit signals CTRL_code<0>, CTRI_
code<1>,...and CTRL_code<m>among which only one bit
signal CTRL _code<i> is enabled.

FIG. 4 further describes the cycle changeable oscillation
unit300. Referring to FIG. 4, the inverting control section 310
may invert the output clock CLK_out when the enable signal
EN_signal is enabled and output the inverted clock CLK _inv.

The delay part 321 may include the plurality of unit delay
stages 321_1, 321_2, . . . and 321__m which are coupled in
series, and may delay and output the inverted clock CLK_inv
which is inputted to one unit delay stage among the plurality
of'unit delay stages 321_1,321_2, ... and 321_ m. Thus, the
delay part 321 may determine a delay time by which the
inverted clock CLK_inv is to be delayed. Depending upon
which unit delay stage the inverted clock CLK _inv is input-
ted, the delay part 321 may delay the inverted clock CLK _inv
by the determined delay time, and output the output clock
CLK_out.

The input selection part 322 may include the plurality of
switches 322_1, 322_2, . . . and 322 m. The plurality of
switches 322_1, 322_2, ... and 322 m may be respectively
coupled to the plurality of unit delay stages 321_1,
321_2, ... and 321_m. The plurality of switches 322_1,
322_2,...and 322 m respectively may receive the plurality
of bit signals CTRIL,_code<0>, CTRIL_code<1>, CTRL_
code<2>, . ..and CTRL_code<m> which are included in the
control codes CTRI_code<0:m>. Accordingly, since only
one bit signal is enabled among the plurality of bit signals
CTRL_code<0>, CTRL_code<1>, CTRL_code<2>, ... and
CTRL_code<m>, only one switch may be turned on among
the plurality of switches 322_1,322_2,...and 322 m. The
turned-on switch may input the inverted clock CLK _inv to the
unit delay stage which is coupled to it.

At the same time the inverted clock CLK _inv as the output
of the inverting control section 310 may be outputted as the
output clock CLK_out through the delay part 321, the output
clock CLK_out may be inputted as an input to the inverting
control section 310. Accordingly, the delay time of the delay
part 321 may determine the frequency of the output clock
CLK_out. The delay time of the delay part 321 may be deter-
mined according to the control codes CTRL_code<0:m>.

In the clock generation circuit in accordance with the
embodiment of the present invention, the frequency of an
output clock may be determined according to the frequency of
an input clock. Also, in the clock generation circuit in accor-
dance with an embodiment of the present invention, since the
frequency of the output clock may be determined according to
control codes generated through the decoding operation of a
control code generation unit, the frequency of the output
clock may be changed by changing the decoding scheme of
the control code generation unit. As a consequence, unlike a
conventional clock generation circuit, the clock generation
circuit in accordance with an embodiment of the present
invention may be a digital control type clock generation cir-
cuit. The output clock may be generated by counting an
oscillator signal and an input clock and coding a counted
value. Therefore, unlike an analog control type conventional
clock generation circuit, the frequency of the output clock
may not be changed according to a variation in temperature,
voltage and process. Further, it is possible to generate the
output clock with a frequency desired by a designer.

While certain embodiments have been described above, it
will be understood to those skilled in the art that the embodi-
ments described are by way of example only. Accordingly, the
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clock generation circuit described herein should not be lim-
ited based on the described embodiments. Rather, the clock
generation circuit described herein should only be limited in
light of the claims that follow when taken in conjunction with
the above description and is accompanying drawings.

What is claimed is:

1. A clock generation circuit comprising:

a counting code generation unit configured to receive an
input clock from an outside, to generate an oscillator
signal during a period corresponding to the frequency of
the input clock and to count the oscillator signal thereby
generating counting codes when an enable signal is
enabled;

a control code generation unit configured to decode the
counting codes and generate control codes; and

a cycle changeable oscillation unit configured to generate
an output clock, wherein a frequency of the output clock
is determined in response to the control codes,

wherein the oscillator signal is generated in an oscillator
included in the counting code generation unit.

2. The clock generation circuit according to claim 1,

wherein the counting code generation unit comprises:

an oscillator enable signal generating section configured to
generate an oscillator enable signal which has an enable
period corresponding to the frequency of'the input clock,
when the enable signal is enabled;

the oscillator configured to generate the oscillator signal in
response to the enable signal and the oscillator enable
signal; and

a code generating section configured to count the oscillator
signal and generate the counting codes.

3. The clock generation circuit according to claim 2,

wherein the

oscillator enable signal generating section comprises:

a first counting part configured to count first codes in
response to the input clock when the enable signal is
enabled;

a decoding part configured to decode the first codes and
generate a decoding signal; and

a signal generation part configured to enable the oscillator
enable signal when the enable signal is enabled and
disable the oscillator enable signal when the decoding
signal is enabled.

4. The clock generation circuit according to claim 3,
wherein the first counting part increases a code value of the
first codes each time the input clock transitions to a specified
level, when the enable signal is enabled.

5. The clock generation circuit according to claim 4,
wherein the decoding part enables the decoding signal when
the code value of the first codes is equal to or larger than a
preset code value.

6. The clock generation circuit according to claim 3,
wherein the counting code generation unit further comprises:

a reset pulse generating section configured to generate a
reset pulse when the oscillator enable signal is disabled.

7. The clock generation circuit according to claim 6,
wherein the oscillator generates the oscillator signal when
both the oscillator enable signal and the enable signal are
enabled.

8. The clock generation circuit according to claim 7,
wherein the code generating section comprises:

a second counting part configured to count second codes in

response to the oscillator signal; and

a latch part configured to receive and latch the second
codes when the oscillator enable signal is enabled, and
output the second codes as the counting codes when the
oscillator enable signal is disabled.

15

25

30

40

45

8

9. The clock generation circuit according to claim 8,
wherein the second counting part initializes the second codes
in response to the reset pulse.

10. The clock generation circuit according to claim 8,
wherein the second counting part increases a code value of the
second codes each time the oscillator signal transitions to a
specified level.

11. The clock generation circuit according to claim 1,

wherein the control codes comprise a plurality of bit sig-
nals, and

wherein the control code generation unit decodes the
counting codes and enables one bit signal among the
plurality of bit signals.

12. The clock generation circuit according to claim 1,

wherein the cycle changeable oscillation unit comprises:

an inverting control section configured to invert the output
clock when the enable signal is enabled, and output an
inverted clock; and

a variable delay section configured to determine a delay
time in response to the control codes, delay the inverted
clock by the determined delay time, and output the out-
put clock.

13. The clock generation circuit according to claim 12,

wherein the variable delay section comprises:

a delay part having a plurality of unit delay stages which
are coupled in series; and

an input selection part configured to input the inverted
clock to one unit delay stage among the plurality of unit
delay stages in response to the control codes.

14. The clock generation circuit according to claim 13,

wherein

the input selection unit comprises a plurality of switches,

the plurality of switches are coupled to respective input
terminals of the plurality of unit delay stages, and

only one switch among the plurality of switches is turned
on in response to the control codes, and transfers the
inverted clock to a unit delay stage which is coupled to it.

15. A clock generation circuit comprising:

a counting code generation unit configured to receive an
input clock from an outside, and to generate first codes
and second codes in response to an oscillator signal and
the input clock when an enable signal is enabled, and
output the second codes as counting codes;

a control code generation unit configured to decode the
counting codes and generate control codes; and

a cycle changeable oscillation unit configured to generate
an output clock and to determine a delay time in
response to the control codes, and generate an output
clock which has a cycle corresponding to the determined
delay time,

wherein the counting code generation unit is configured to
generate the second codes by counting the oscillator
signal from when the enable signal is enabled to when a
code value of the first codes is a preset code value,

wherein the first codes are generated by counting the input
clock, and the oscillator signal is generated by an oscil-
lator included in the counting code generation unit.

16. The clock generation circuit according to claim 15,
wherein the counting code generation unit increases the code
value of the first codes each time the input clock transitions to
a specified level when the enable signal is enabled, increases
a code value of the second codes each time the oscillator
signal transitions to a specified level when the enable signal is
enabled, and outputs the second codes as the counting codes
when the code value of the first codes is the preset code value.

17. The clock generation circuit according to claim 16,
wherein the counting code generation unit comprises:



US 9,081,515 B2

9

afirst counting part configured to increase the code value of
the first codes each time the input clock transitions to the
specified level when the enable signal is enabled;

a decoding part configured to decode the first codes and
enable a decoding signal when the code value of the first
codes is the preset code value;

an oscillator enable signal generation part configured to
enable an oscillator enable signal when the enable signal
is enabled, and disable the oscillator enable signal when
the decoding signal is enabled;

the oscillator configured to generate the oscillator signal
when both the enable signal and the oscillator enable
signal are enabled;

a second counting part configured to increase the code
value of the second codes each time the oscillator signal
transitions to the specified level; and

a latch part configured to latch the second codes when the
oscillator enable signal is enabled, and output the second
codes as the counting codes when the oscillator enable
signal is disabled.

18. The clock generation circuit according to claim 17,

wherein the counting code generation unit further com-
prises:

a reset pulse generating section configured to generate a
reset pulse when the oscillator signal is disabled, and

10

wherein the latch part initializes the code value of the
second codes which are latched, when the reset pulse is
inputted thereto.

19. The clock generation circuit according to claim 15,

5 wherein the cycle changeable oscillation unit comprises:

10

20

an inverting control section configured to invert the output
clock when the enable signal is enabled, and output an
inverted clock; and

a variable delay section configured to determine a delay
time in response to the control codes, delay the inverted
clock by the determined delay time, and output the out-
put clock.

20. A clock generation system comprising:

a counting code generation unit configured to receive an
input clock from an outside, to count an oscillator signal
during a period corresponding to the frequency of the
input clock, thereby generating a counting code;

a control code generation unit configured to generate bit
signals; and

a cycle changeable oscillation unit configured to generate
an output clock in response to the bit signals,

wherein the oscillator signal is generated in an oscillator
included in the counting code generation unit.
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